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L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt et à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés. Abstract. 2014 Thermal diffusivity measurements of supercooled water have been performed between + 40 °C and -23 °C, using both optically induced periodic and pulsed heat source in two separate experiments. The resulting temperature field is analysed by monitoring the deflection of a He-Ne laser beam. The thermal conductivity, 03BB, as deduced from the experiments, decreases continuously with decreasing temperature. The analysis of 03BB is also discussed both in terms of the classical expression and in terms of a critical law. The influence of the hydrogen bond network structure is discussed, as well. It is verified that the classical relations between 03BB and the sound velocity, c, are respected, and consequently that the hydrogen bond network structure has the same influence over both 03BB and c.
J. Physique 46 (1985) figure 1 , the probe laser (assumed to be parallel to the plane of the thermal wave) will be deflected by a small angle, q5, (typically 10-7 -10-6 rad) as given by [6] :
where e is the length over which the beam interacts with the heated region, n is the refractive index of water, To is the temperature at the origin (x = 0), [7] . For this second set of experiments (Fig. 2a) (Fig. 2b) . In this geometry, the time dependence of the deflection is given by :
The signal from the position sensitive detector is averaged using a multichannel analyser. In spite of the low heating power, the signal to noise ratio is good. In figure 3 The value at 20°C has been adjusted to the value of reference [18] . The value at 20°C has been adjusted to the value of reference [18] . · Experimental values, p From formula (5) and references [4, 5, 9, 11] . density data of Zheleznyi [4] and the specific heat data of Angell and co-workers [5] . The values of IpCp as obtained from equation (4) differ from the literature data by less than 10 %. Variations may be due to geometrical parameters (such as the beam waist and the beam profile) which are not known with a good accuracy. The relative accuracy is high ( ± 1.6 %) because, as seen from equation (4), all the curves normalized to an identical value, are related to each other by a simple time dilatation. Figure 5 shows clearly that £ exhibits a monotonic dependence with temperature in the measured temperature range.
The interpretation of the experimental data may be made using the classical theory [10] , which relates £ with other properties based on simple assumptions derived from the kinetic theory of gases and consideration of free volume. The classical expression for Â., for polyatomic liquids, is :
where p is the density, c is the sound velocity, and y( = CplCv) is the ratio between the specific heat at constant pressure Cp, and at constant volume, Cv, and KB is the Boltzmann constant. Values for these quantities can be found in the literature [4, 5, 9, 11] . In figure 5 we show the plot of equation (5) [12] in spite of their anomalous temperature dependence.
The increasing number of hydrogen bonds with decreasing temperature is the origin of an amplification mechanism which causes dramatic changes of the transport properties in the supercooled region. However, it has been shown [13] for the case of hydrogen bonds that the dynamic properties have a classical temperature dependence [14] .
Measurements of the thermal conductivity at elevated pressures were recently performed by Dietz et It is interesting to analyse our data with the critical exponents which give a good fit of the data for all the properties of water at low temperatures. This method of analysis was first suggested by Speedy and Angell [17] and, in spite of eventual controversial interpretation as a manifestation of critical behaviour, remains the best way to describe the data at low temperature.
Because the classical expression (Eq. (5)) applies, it is possible to use the published data for p [9] , Cp [5] and c [11] to predict that the critical exponent of A is 0.18. This value is nearly equal to the critical exponent of the sound velocity, the variation of the other parameters of formula (5) with temperature being small down to -23 °C. Nevertheless, this value is too small to be a good test of the theory, because in the temperature range studied, the variation of A is small. It must be pointed out, however, that this approach is at least compatible with our experimental results.
In conclusion, our measurements are consistent with the anormal temperature dependence of other thermodynamic and transport properties of water. It is worth noting that the temperature dependence of the sound velocity controls the behaviour of the thermal conductivity. Indeed the critical exponent found from our results is very close to that of the sound velocity. Since the thermal conductivity is completely determined by the molecular dynamics, one can conclude that the hydrogen bound structure has the same influence over both Å. ahd C.
